Air pollution, air temperature and the influence on cause-specific mortality and morbidity by Lanzinger, Stefanie
From  
The Institute of Epidemiology II, 
Helmholtz Zentrum München - German Research Center for Environmental 
Health (GmbH), Neuherberg, Germany 
Director: PD Dr. A. Peters 
 
 
 
 
Air Pollution, Air Temperature and the Influence on 
Cause-specific Mortality and Morbidity 
Graduate thesis submitted for a Doctoral degree in Human Biology at the Faculty 
of Medicine, Ludwig-Maximilians-Universität München, Munich, Germany 
 
 
 
 
 
 
 
 
By 
Stefanie Lanzinger 
From 
Heidenheim an der Brenz  
2015 
 
 
ii 
 
  
iii 
 
With approval of the Medical Faculty 
of the Ludwig-Maximilians-Universität München, Munich, Germany 
 
 
Supervisor/Examiner: PD Dr. Annette Peters 
 
Co-Examiners: PD Dr. Rudolf A. Jörres, Prof. Dr. Katja Radon, Prof. Dr. Alexander Baethmann 
 
Co-Supervisor: Dr. Alexandra Schneider 
 
Dean: Prof. Dr. med. dent. Reinhard Hickel  
 
Date of oral examination: 29.06.17 
  
iv 
 
  
v 
 
Eidesstattliche Versicherung  
 
Lanzinger, Stefanie 
__________________________________________________ 
Name, Vorname 
 
Ich erkläre hiermit an Eides statt, 
dass ich die vorliegende Dissertation mit dem Thema:  
„Air Pollution, Air Temperature and the Influence on Cause-specific Mortality and 
Morbidity”  
selbständig verfasst, mich außer der angegebenen keiner weiteren Hilfsmittel bedient 
und alle Erkenntnisse, die aus dem Schrifttum ganz oder annähernd übernommen sind, 
als solche kenntlich gemacht und nach ihrer Herkunft unter Bezeichnung der Fundstelle 
einzeln nachgewiesen habe.  
Ich erkläre des Weiteren, dass die hier vorgelegte Dissertation nicht in gleicher oder in 
ähnlicher Form bei einer anderen Stelle zur Erlangung eines akademischen Grades 
eingereicht wurde. 
 
 
_____________________________________   _____________________________________ 
                           Ort, Datum            Doktorandin/Doktorand 
 
  
vi 
 
Table of Contents 
 
List of Abbreviations ............................................................................................................................................ vii 
Specification of my contribution to the manuscripts ............................................................................ viii 
1 Summary ...................................................................................................................................................... 1 
2 Zusammenfassung .................................................................................................................................... 2 
3 Introduction ................................................................................................................................................ 4 
3.1 The influence of air pollution and air temperature on (cause-specific) mortality ............   
and morbidity ............................................................................................................................................. 4 
3.2 Endothelial dysfunction as a potential biological mechanism ................................................ 5 
3.3 Specific objectives ..................................................................................................................................... 6 
4 Methods ........................................................................................................................................................ 6 
5 Results ........................................................................................................................................................... 7 
5.1 Associations between air pollution and (cause-specific) mortality ..................................... 7 
5.2 Associations between air pollution and cause-specific hospital admissions .................... 8 
5.3 The influence of short-term changes in air temperature and ozone on ................................   
markers of endothelial function in individuals with type-2 diabetes .................................. 8 
6 Discussion and conclusions .................................................................................................................. 9 
7 Dissemination and policy implications within the UFIREG project ....................................12 
8 References ..................................................................................................................................................13 
9 Publications ...............................................................................................................................................17 
9.1 Associations between ultrafine and fine particles and mortality in ........................................  
five central European cities – Results from the UFIREG study ............................................. 17 
9.2 Ultrafine and fine particles and hospital admissions in Central Europe, ..............................   
results from the UFIREG study .......................................................................................................... 37 
9.3 The impact of decreases in air temperature and increases in ozone on ................................   
markers of endothelial function in individuals having type-2 diabetes ........................... 83 
10 Acknowledgments ..................................................................................................................................98 
11 Curriculum vitae ................................................................ Fehler! Textmarke nicht definiert. 
 
  
vii 
 
List of Abbreviations  
CI   Confidence Interval 
DEPS Diabetes and the Environmental Panel Study in Chapel Hill, North 
Carolina, USA 
EPA Environmental Protection Agency 
E-Selectin Soluble endothelial-leukocyte adhesion molecule 
FMD   Flow-mediated dilatation  
ICD   International Statistical Classification of Diseases and Related Health 
Problems  
IQR   Interquartile range 
NO   Nitric oxide  
NO2   Nitrogen dioxide 
NTGMD  Nitroglycerin-mediated dilatation 
PM   Particulate matter 
PM10   Particulate matter with an aerodynamic diameter < 10 µm 
PM2.5    Particulate matter with an aerodynamic diameter < 2.5 µm 
PM2.5-10  Coarse particles with an aerodynamic diameter between 2.5 and 10 
µm 
PNC   Particle number concentration 
ppm    Parts per million 
sICAM-1  Soluble intercellular adhesion molecule-1 
sVCAM-1  Soluble vascular cell adhesion molecule-1 
T2D   Type-2 diabetes 
UFP   Ultrafine particles 
UFIREG Ultrafine particles – an evidence based contribution to the 
development of regional and European environmental and health 
policy 
vWF Von Willebrand factor  
WHO    World Health Organization 
viii 
 
Specification of my contribution to the manuscripts 
As an investigator of the study “Ultrafine particles – an evidence based contribution to the 
development of regional and European environmental and health policy”, which provided 
data for two of the manuscripts in this thesis, I played a significant role in the data 
collection, data management and statistical analysis. Furthermore, I wrote first drafts of 
several project reports and developed dissemination material (for more information see 
chapter 7).  
For the three manuscripts discussed in this thesis, I developed the research questions 
together with my supervisors. Moreover, I conducted the statistical analysis, interpreted the 
results and wrote the first complete draft for all manuscripts. The manuscript entitled 
“Associations between ultrafine and fine particles and mortality in five central European 
cities – Results from the UFIREG study” was accepted on 8th of December by the journal 
Environment International. I prepared a revised version of the manuscript with the title 
“Ultrafine and fine particles and hospital admissions in Central Europe, results from the 
UFIREG study” based on reviewers’ suggestions and submitted the revision on 18th of 
December to the American Journal of Respiratory and Critical Care Medicine. The 
manuscript entitled “The impact of decreases in air temperature and increases in ozone on 
markers of endothelial function in individuals having type-2 diabetes” was published in 
Environmental Research volume 134 in 2014.  
Although I am the first author of the three manuscripts, I will refer to “we” throughout this 
thesis.  
 
 
 
 
 Summary 
 
1 
 
1 Summary 
Epidemiological studies have shown that short-term changes in air pollution and air 
temperature have an impact on cardiovascular and respiratory health. However, only a few 
studies have investigated the association between ultrafine particles (UFP) with a diameter 
<100 nm (0.1 µm) and cardio-respiratory health so far and especially results from Eastern 
Europe are rare. Moreover, finding the underlying biological mechanisms, which explain the 
relationships between environmental changes and cardiovascular health, remains a major 
challenge. Investigating specific characteristics such as endothelial function in association 
with environmental stimuli might help to clarify potential biological pathways.  
The main objectives of this thesis were to investigate short-term associations between air 
pollution and daily cause-specific mortality as well as hospital admissions in five Central and 
Eastern European cities (Augsburg, Chernivtsi, Dresden, Ljubljana and Prague) within the 
EU-project UFIREG. To investigate potential biological mechanisms explaining the 
associations between air pollution or air temperature and cardiovascular diseases we also 
examined the influence of short-term changes in air temperature and ozone on markers of 
endothelial function in individuals with type-2 diabetes (T2D) within the DEPS panel study 
in Chapel Hill in North Carolina, USA.  
Our results of the UFIREG study indicated delayed and prolonged effects of UFP exposure on 
respiratory mortality and hospital admissions in Central and Eastern Europe. Although our 
results on UFP and respiratory health outcomes were not statistically significant, we 
consider these findings as potentially important.  Further, we assume that the short study 
period might be one explanation for the non-significant associations. PM2.5 exposure was 
associated with delayed and prolonged effects on cardiovascular and respiratory mortality 
and morbidity. We observed a stronger association between PM2.5 and respiratory hospital 
admissions compared to results from other European regions and the U.S.  
Our findings of the DEPS panel study suggested a linear association between temperature 
decreases as well as ozone increases and markers of endothelial function in individuals with 
T2D. We observed immediate and delayed decreases in flow-mediated dilatation of the 
brachial artery, a marker of endothelial function, in association with a decrease in 
temperature as well as with an increase in ozone.  
This thesis adds to the existing knowledge in the field of short-term effects of air pollution 
since it reports results on the association between UFP and cause-specific mortality and 
morbidity from Central and Eastern European cities. Results of the UFIREG project indicated 
that it is important to integrate UFP into routine measurement networks to provide data for 
future short- and long-term epidemiological studies. Further studies are needed 
investigating the association between UFP and (cause-specific) mortality and morbidity at 
multiple locations using harmonized UFP measurements.  
This thesis also discusses short-term changes in endothelial function in response to 
temperature decreases and ozone increases. We conclude that endothelial dysfunction 
might be one of the possible biological pathways explaining the association between 
environmental changes and cardiovascular events that have been observed worldwide. 
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2 Zusammenfassung 
Epidemiologische Studien haben gezeigt, dass sich Tag-zu-Tag-Veränderungen in 
Luftschadstoffkonzentrationen sowie der Lufttemperatur auf die menschliche Gesundheit 
auswirken. Bisher haben jedoch nur wenige Studien den Zusammenhang zwischen 
ultrafeinen Partikeln (UFP) mit einem Durchmesser <100 nm (0.1 µm) und kardio-
respiratorischen Gesundheitsparametern untersucht. Des Weiteren gibt es bisher wenige 
Ergebnisse aus osteuropäischen Ländern. Die Untersuchung spezifischer Merkmale wie zum 
Beispiel die Endothelfunktion, geben einen Einblick in mögliche biologische Mechanismen, 
die Herzkreislauferkrankungen, die im Zusammenhang mit Umweltveränderungen 
auftreten, erklären können.  
Die Hauptziele dieser Dissertation waren, die Kurzzeitauswirkungen von ultrafeinen und 
feinen Partikeln auf die tägliche ursachenspezifische Mortalitäts- und Krankheitsrate in fünf 
zentral- und osteuropäischen Städten (Augsburg, Czernowitz, Dresden, Ljubljana und Prag) 
im Rahmen des EU-Projekts UFIREG zu untersuchen. Darüber hinaus untersuchten wir 
Veränderungen der Endothelfunktion bei Patienten mit Typ-2 Diabetes (T2D) in 
Zusammenhang mit einem kurzzeitigen Temperaturanstieg sowie einem Anstieg der 
Ozonkonzentration. Dieser Zusammenhang wurde innerhalb der DEPS Panel Studie in 
Chapel Hill, North Carolina, USA analysiert und könnte einen Aufschluss über mögliche 
biologische Mechanismen geben, wie Umweltveränderungen  zu Herzkreislauferkrankungen 
führen können.  
Ergebnisse des UFIREG Projekts zeigten einen Anstieg der Todesfälle und 
Krankenhauseinweisungen auf Grund von respiratorischen Erkrankungen in 
Zusammenhang mit einer kumulativen UFP Exposition. Die Einflüsse von UFP auf 
respiratorische Erkrankungen und Todesursachen waren zwar nicht statistisch signifikant, 
dennoch bewerten wir die Ergebnisse als wichtig. Die kurze Studienperiode könnte eine 
mögliche Erklärung für die nicht signifikanten Ergebnisse sein. Darüber hinaus zeigte ein 
Anstieg der PM2.5-Konzentration einen Zusammenhang mit kardiovaskulärer sowie 
respiratorischer Mortalität und Morbidität. Unsere Ergebnisse des UFIREG Projekts zeigen 
einen stärkeren Zusammenhang zwischen PM2.5 und respiratorischer 
Krankenhauseinweisungen als Studien, die in anderen europäischen Regionen und den USA 
durchgeführt wurden.  
Die Ergebnisse der DEPS Panel Studie weisen auf eine lineare Assoziation zwischen einem 
Temperaturabfall sowie Ozonanstieg und Veränderungen in der Endothelfunktion bei T2D 
hin. Die flussvermittelte Dilatation der Arteria brachialis, ein Marker für die 
Endothelfunktion, nahm unmittelbar und mit einer Verzögerung von einem Tag ab wenn die 
Lufttemperatur sank bzw. wenn die Ozonkonzentration anstieg.  
Diese Dissertation zeigt Ergebnisse zu den Kurzzeitauswirkungen von UFP auf die tägliche 
ursachenspezifische Mortalitäts- und Morbiditätsrate in zentral- und osteuropäischen 
Städten und leistet daher einen wichtigen Beitrag zum aktuellen Wissensstand. Des 
Weiteren zeigen die Ergebnisse des UFIREG Projekts, dass es wichtig ist, UFP in 
Routinemessnetzwerke zu integrieren, um Daten für zukünftige Studien zu den Kurz- und 
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Langzeiteffekten von UFP zu liefern. Weitere multizentrische Studien mit harmonisierten 
UFP Messungen sind notwendig, um den Zusammenhang zwischen UFP und 
(ursachenspezifischen) Todesursachen und Krankenhauseinweisungen in verschiedenen 
Regionen zu untersuchen. Diese Arbeit diskutiert darüber hinaus Veränderungen in der 
Endothelfunktion bei Temperaturabfall und Ozonkonzentrationsanstieg. Die Ergebnisse 
deuten darauf hin, dass eine Endotheldysfunktion einen möglichen Mechanismus für die 
weltweit beobachteten Herzkreislauferkrankungen im Zusammenhang mit 
Umweltveränderungen darstellt.  
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3 Introduction 
Air pollution has been shown to be a major environmental risk factor for health and was 
estimated to cause 3.7 million premature deaths worldwide (1). Particulate matter (PM) is 
of particular importance since it affects more people than any other air pollutant (1). Many 
long- and short-term epidemiological studies have shown that high levels of air pollution 
have a strong impact on cardiovascular and respiratory health (1). However, besides 
exposure to air pollution, short-term changes in air temperature have also been associated 
with adverse health effects. For example, both high and low temperatures were associated 
with increases in cardio-respiratory mortality and morbidity (2-5).  
3.1 The influence of air pollution and air temperature on (cause-
specific) mortality and morbidity  
The impact of air pollution and air temperature on mortality and morbidity was studied in 
several single as well as multi-city studies (4, 6, 7). There is strong evidence for an 
association between PM with an aerodynamic diameter smaller than 10 µm (PM10) or 2.5 
µm (PM2.5) and cardio-respiratory mortality and morbidity (7, 8). Only a few studies have 
investigated the association between ultrafine particles (UFP) with a diameter <100 nm 
(0.1 µm) and (cause-specific) mortality and morbidity worldwide. Moreover, European 
research activities on the health effects of UFP were primarily conducted in Western 
European countries and studies from Eastern Europe are needed to get an overall picture 
(9). The deposition and clearance in the respiratory tract differ between UFP and larger 
particles such as PM10 and PM2.5. While larger particles deposit mainly in the upper and 
lower respiratory tract, UFP can penetrate deeply into the pulmonary alveoli and can be 
translocated with the blood stream to other organs (9, 10). Therefore, it is assumed that UFP 
might have at least partly independent health effects compared to larger particles (8, 9, 11, 
12). 
Extreme temperatures during heat waves and cold spells have been shown to increase 
mortality and morbidity (13-16). However, also short-term changes in moderate 
temperature were associated with adverse health effects. A study conducted in 15 European 
cities reported increases in natural and cause-specific mortality in association with a 1°C 
decrease in temperature between October and March (6). Breitner and colleagues (3) found 
increases in cardiovascular mortality with both increases and decreases in temperature in 
three cities in Bavaria, Germany. A meta-analysis conducted by Turner et al. (4) reported 
weak associations between a 1°C increase in air temperature and respiratory hospital 
admissions, but no association between temperature and cardiovascular hospital 
admissions. However, the authors pointed out that temperature decreases were shown to be 
associated with cardiovascular morbidity (4). 
Finding the underlying biological mechanisms explaining the relationships between 
environmental changes and cardiovascular health remains a major challenge. Investigating 
specific characteristics such as endothelial function in association with environmental 
stimuli might help in understanding potential biological mechanisms of the reported 
adverse health effects (7, 17-19). 
 Introduction 
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3.2 Endothelial dysfunction as a potential biological mechanism 
The endothelium is the inner layer of the blood vessels and maintains vascular homeostasis 
(20). Important vasoconstrictors and vasodilators are released by endothelial cells of the 
endothelium (20). Endothelial dysfunction refers to the inability of the arteries and 
arterioles to dilate fully and leads to an imbalance between vasodilatation and 
vasoconstriction (21). Flow-mediated dilatation (FMD) of the brachial artery is a marker of 
endothelial function and measures the endothelium-dependent increase in blood vessel 
diameter in response to reactive hyperemia (22). FMD occurs through the release of nitric 
oxide (NO) by the endothelial cells and reflects the bioavailability of NO. A decrease in FMD 
indicates a dysfunction of the vascular endothelium. Nitroglycerin-mediated dilatation 
(NTGMD) is an endothelial-independent mechanism and is an index of the vascular 
reactivity of the smooth muscle cells to nitroglycerin, which serves as an exogenous NO 
donor (22). A decreased NTGMD reflects an impaired function of the smooth muscle cells. To 
distinguish between endothelial-dependent and endothelial-independent mechanisms, it is 
important to investigate both FMD and NTGMD. 
Studies reported a decrease in FMD in association with an increase in air pollution as well as 
with changes in air temperature (17, 18, 23, 24). Schneider and colleagues (18) reported an 
immediate decrease in FMD in association with increases in PM2.5 in diabetic individuals. 
Moreover, increases in PM2.5 were associated with a one day delayed decrease in NTGMD in 
the same study (18). This finding indicated that PM2.5 immediately affected the 
bioavailability of NO, but had a delayed effect on the function of the smooth muscle cells. A 
further U.S. study conducted in Boston reported a decrease in brachial artery diameter in 
association with an increment in the 5-day PM2.5-average in diabetics. Moreover, brachial 
artery diameter increased with a temperature increase, but no associations were found 
when investigating FMD and NTGMD (25). Inverse associations between UFP and 
endothelial function were also reported and discussed in a review of the physiological 
effects of UFP (26). For example, inhalation of high UFP levels during exercise was 
associated with decreases in FMD in healthy men in the U.S. (27). A further U.S. study on 
controlled laboratory exposure to ultrafine carbon particles reported reduced 
bioavailability of NO in healthy adults (28). However, no associations were found between 
UFP and endothelial function in diabetics in a study conducted in Boston (29). 
Endothelial dysfunction has been shown to be a risk factor for cardiovascular diseases (30, 
31). Impaired endothelial function leads to increased oxidative stress, promotes 
inflammation, allows thrombus formation and may trigger disruption of existing coronary 
plaques through vasoconstriction (30).  NO plays an important role in inflammatory 
processes since it reduces the expression of inflammatory mediators and adhesion 
molecules. Hence, a decrease in NO production by endothelial cells in response to 
environmental stimuli leads to a promotion of inflammatory processes (30).  
Individuals with type-2 diabetes (T2D) are especially vulnerable to a dysfunction of the 
vascular endothelium since it has been shown that T2D adversely affects small and larger 
blood vessels leading to micro- and macroangiopathy (32).  
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3.3 Specific objectives  
The specific objectives of this thesis were: 
1) To investigate short-term associations between air pollution and daily (cause-
specific: cardiovascular and respiratory) mortality in five Central and Eastern 
European Cities.   
2) To assess short-term associations between air pollution and daily cause-specific 
hospital admissions in five Central and Eastern European Cities.   
3) To examine the influence of short-term changes in air temperature and ozone on 
markers of endothelial function in individuals with T2D in order to investigate 
potential biological mechanisms explaining the associations between air pollution 
and air temperature and cardiovascular diseases.  
4 Methods  
The EU-project “Ultrafine particles – an evidence based contribution to the development of 
regional and European environmental and health policy” (33) started in July 2011 and 
ended in December 2014. One of the main objectives of the UFIREG project was to 
investigate the association between ultrafine and fine particles and (cause-specific) 
mortality and morbidity in five Central and Eastern European Cities (specific objectives 1 
and 2). Exposure assessment and statistical analyses were conducted based on a priori fixed 
and harmonized protocols. Daily counts of (cause-specific) mortality and hospital 
admissions were obtained for Augsburg and Dresden (Germany) from January 2011 to 
December 2012, Chernivtsi (Ukraine) from January 2013 to March 2014, Ljubljana 
(Slovenia) and Prague (Czech Republic) from January 2012 to December 2013 focusing on 
cardiovascular and respiratory diseases. The causes of death and primary diagnosis of 
hospital admissions were based on the International Statistical Classification of Diseases and 
Related Health Problems (ICD-10). We investigated deaths due to natural causes (ICD-10: 
A00-R99), deaths and hospital admissions due to cardiovascular (ICD-10: I00-I99) and 
respiratory diseases (ICD-10: J00-J99) as primary outcomes. Moreover, we examined 
hospital admissions due to diabetes (ICD-10: E10-E14) as an outcome of secondary interest. 
  
Air pollutants and meteorological factors were measured at fixed monitoring sites in all 
cities. In all the five cities, UFP was measured using uniform measurement devices 
(differential or scanning mobility particle size spectrometers). Poisson regression models 
allowing for overdispersion were used to analyze the association between air pollutants and 
health outcomes for each city separately. The same confounder model was used for all cities 
based on a review of the current literature. The confounder model included long-term time-
trend, day of the week, public holidays, vacation periods (to control for a decrease of the 
populations during Christmas, Easter and summer vacations), influenza epidemics (where 
available), air temperature and relative humidity. We analyzed single lags from lag 0 (same 
day of the event) up to lag 5 (five days prior to the event) and cumulative lags to represent 
immediate (2-day average: lag 0-1), delayed (average of lag 2-5) and prolonged (6-day 
average: lag 0-5) associations between air pollutants and health outcomes. City-specific 
effect estimates were pooled using meta-analysis methods.  
 Results 
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In order to study potential biological mechanisms explaining cardiovascular events in 
association with environmental stimuli, we examined the impact of changes in air 
temperature and ozone on markers of endothelial function in individuals with T2D (specific 
objective 3). Within the project “Diabetes and the Environmental Panel Study in Chapel Hill, 
North Carolina, USA” (DEPS), FMD, NTGMD of the brachial artery and several blood markers 
representing endothelial function were repeatedly measured in 22 individuals with T2D. 
Between November 2004 and December 2005 four measurements per person were taken 
under controlled conditions on consecutive days at the U.S Environmental Protection 
Agency’s (EPA) National Health and Environmental Effects Research Laboratory, 
Environmental Public Health Division in Chapel Hill, North Carolina. FMD was quantified as 
the percent change in brachial artery diameter after reactive hyperemia. NTGMD was 
quantified as the percent change in blood vessel diameter after nitroglycerin spray 
application. Soluble intercellular adhesion molecule-1 (sICAM-1), soluble vascular cell 
adhesion molecule-1 (sVCAM-1), soluble endothelial-leukocyte adhesion molecule (E-
Selectin) and von Willebrand factor (vWF) were measured in blood. sICAM-1, sVCAM-1 and 
E-Selectin are specific markers for endothelial cell activation and vWF is a largely 
endothelium derived blood glycoprotein involved in platelet adhesion (22). Daily 
measurements of meteorological parameters, ozone and PM2.5 were obtained from fixed 
monitoring sites. Twenty-four-hour averages of the examination day (lag 0), averages of 24-
47 hours (lag 1), 48-71 hours (lag 2), 72-95 hours (lag 3), 96-119 hours (lag 4) and a 5-day 
average before the visits were considered to study immediate, delayed and cumulative 
effects of air temperature or ozone exposure on the health outcomes. Additive mixed-
models were used to analyze the associations between air temperature decreases and ozone 
increases and markers of endothelial function. We adjusted for time-trend, day of the week, 
relative humidity and barometric pressure. When investigating associations with ozone, 
temperature was also included into the model. Moreover, interactive effects of air 
temperature and air pollution were studied. PM2.5 and ozone were divided into low (<25%-
quartile), medium (25%-74%) and high (≥75% quartile) concentrations and an interaction 
term was included in the model.  
5 Results  
5.1 Associations between air pollution and (cause-specific) mortality 
Results on the association between air pollutants and (cause-specific) mortality from the 
UFIREG study are discussed in the manuscript entitled “Associations between ultrafine and 
fine particles and mortality in five central European cities – Results from the UFIREG study” 
(Environment International, accepted on 8th of December, see chapter 9.1). Within the 
manuscript, we also investigated particle number concentrations up to 800 nm (PNC), PM10, 
coarse particles with an aerodynamic diameter between 2.5 and 10 µm (PM2.5-10) and 
nitrogen dioxide (NO2) as pollutants of secondary interest.   
No associations between UFP or PNC and natural or cardiovascular mortality were found. 
However, our results indicated delayed and prolonged effects of UFP exposure on 
respiratory mortality. The association between UFP and respiratory mortality was not 
statistically significant, but we still consider these findings as potentially important as 
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results show a trend towards delayed and prolonged effects. A 2,750 particles/cm3 increase 
(average interquartile range (IQR) across all cities) in the 6-day average of UFP was 
associated with a 9.9% [95%-confidence interval: -6.3%; 28.8%] increase in the pooled 
effect estimate of respiratory mortality. All cities except Ljubljana showed increases in the 
city-specific effect estimates of respiratory mortality; the strongest association was 
observed in Dresden. The associations between PNC and respiratory mortality were weaker 
but consistent.  
In contrast to UFP and PNC, we found no associations between PM2.5, PM10 and PM2.5-10 and 
respiratory mortality. However, a 12.4 µg/m3 and 4.7 µg/m3 (average IQR) increase in the 
PM2.5- and PM2.5-10-average of lag 2-5 was associated with increases in the pooled estimates 
of cardiovascular mortality by 3.0% [-2.7%; 9.1%] and 4.1% [0.4%; 8.0%], respectively. 
PM10 showed a similar association, but NO2 was not associated with any mortality outcomes.  
5.2 Associations between air pollution and cause-specific hospital 
admissions 
The manuscript entitled “Ultrafine and fine particles and hospital admissions in Central 
Europe, results from the UFIREG study” (American Journal of Respiratory and Critical Care 
Medicine, revision submitted on 18th of December, see chapter 9.2) discusses the association 
between air pollutants and cause-specific hospital admissions in Augsburg, Chernivtsi, 
Dresden, Ljubljana and Prague. As a secondary objective of the manuscript, we also 
examined the short-term associations between PNC, PM10, PM2.5-10, NO2 and cause-specific 
hospital admissions in these five cities.   
We observed no association between UFP, PNC or NO2 and cardiovascular hospital 
admissions. As for mortality, we found an association between an IQR increase in the 6-day 
average of UFP and respiratory hospital admissions. A 2,750 particles/cm3 increase in the 
UFP-6-day average indicated an increase in the pooled effect estimate of respiratory 
hospital admissions by 3.4% [-1.7%; 8.8%]. Results of PNC were similar. Moreover, we 
found increases in cardiovascular (exposure average of lag 2-5: 1.8% [0.1%; 3.4%]) and 
respiratory (6-day average exposure: 7.5% [4.9%; 10.2%]) admissions per 12.4 µg/m3 
increase in PM2.5. Associations between PM10 or PM2.5-10 and cardiovascular and respiratory 
hospital admissions were similar to PM2.5. A 15.4 µg/m3 increase in the NO2-average of lag 
2-5 also led to an increased pooled estimate of hospital admissions due to respiratory 
diseases (5.1% [0.7%; 9.7%]). Moreover, our results indicated delayed and prolonged 
effects of UFP, PNC, PM2.5 and PM10 exposure on hospital admissions due to diabetes.  
5.3 The influence of short-term changes in air temperature and ozone 
on markers of endothelial function in individuals with type-2 
diabetes  
Our results on the association between air temperature or ozone and markers of endothelial 
function are reported in the manuscript with the title “The impact of decreases in air 
temperature and increases in ozone on markers of endothelial function in individuals having 
type-2 diabetes” (Environmental Research, 134: 331-338, 2014, see chapter 9.3).   
Our findings of the DEPS study suggest a linear association between temperature decreases 
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as well as ozone increases and markers of endothelial function in individuals with T2D. We 
observed no changes in sVCAM-1, E-Selectin and vWF in association with a temperature 
decrease or an ozone increase. However, FMD decreased immediately (lag 0) in association 
with a 1°C decrease in air temperature (-2.2% [-4.7%; 0.3%]) and a 0.01 ppm (20 µg/m3) 
increase in ozone (-14.6% [-26.3; -2.9%]). A 1°C temperature decrement was also associated 
with a one day delayed (-2.3% [-5.2%; 0.5%]) and a four days delayed (-3.9% 
[-6.5%; -1.2%]) decrease in FMD. Moreover, a 0.01 ppm increase in ozone led to a decrease 
in FMD by -13.5% [-27.0%; 0.04%] with a delay of one day. We observed an immediate 
decrease in NTGMD by -1.7% [-3.3%; -0.04%] with a 1°C decrease in air temperature. 
Furthermore, we found a non-significant increase in sICAM-1 in association with a 
temperature decrement on the same day (1.1% [-0.2; 2.4%]) as well as with a 1°C decrease 
in the 5-day temperature average (2.6% [-0.2; 5.6%]). However, no association was found 
between an increase in ozone and NTGMD or sICAM-1.   
The association between a 1°C temperature decrease and a four days delayed decrease in 
FMD was more pronounced with high PM2.5 concentrations compared to medium or low 
PM2.5 levels. Immediate temperature effects on NTGMD were also stronger in association 
with high PM2.5 concentrations. Moreover, our results indicated that immediate and one day 
delayed associations between temperature and FMD were stronger with high ozone 
concentrations compared to medium or low levels.  
6 Discussion and conclusions  
This thesis adds to the existing knowledge in the field of short-term effects of air pollution 
since it reports results on the association between air pollution and (cause-specific) 
mortality and morbidity from Central and Eastern European cities. Only a few 
epidemiological studies have investigated the association between UFP and health outcomes 
so far and especially results from Eastern Europe are rare. Moreover, exposure assessment 
and statistical analyses were conducted based on a priori fixed and harmonized protocols 
within the UFIREG project.  
This thesis also discusses short-term changes in endothelial function in individuals with T2D 
in response to temperature decreases and ozone increases since endothelial dysfunction 
might be one of the possible mechanisms explaining cardiovascular events in association 
with day-to-day environmental changes.  
Our results of the UFIREG study indicated delayed and prolonged effects of UFP exposure on 
respiratory mortality and hospital admissions. Although our results on UFP and respiratory 
health outcomes were not statistically significant, we consider these findings as potentially 
important, and we assume that the short study period might be an explanation for the non-
significant associations. Within the UFIREG study, PM was associated with cardiovascular 
and respiratory health outcomes. Cardiovascular mortality and cardiovascular hospital 
admissions increased in association with an increment in the PM2.5-average of lag 2-5. 
Moreover, we observed a prolonged association between PM2.5 (6-day average exposure) 
and respiratory hospital admissions. Results of PM10 and PM2.5-10 were similar compared to 
PM2.5.  
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Comparing our results on PM2.5 and cause-specific mortality to a national U.S. analysis, our 
findings for a 10 µg/m3 PM2.5 increase and cardiovascular mortality (average of lag 2-5: 
2.4% [-2.3%; 7.3%]) are comparable to U.S. regions with a dry climate as New Mexico, 
Arizona and Nevada (lag 0-1: 3.1% [-0.02%; 6.3%]) and to U.S. regions with a dry together 
with continental climate as Montana, Idaho, Wyoming, Utah and Colorado (lag 0-1: 1.7% 
[-0.8%; 4.2%]) (34). However, our results showed a stronger association between PM2.5 and 
respiratory hospital admissions compared to results from other European regions and the 
U.S. (35-37).  Stafoggia et al.  found a 1.36% [0.23, 2.49] increase in respiratory hospital 
admissions with a 10 µg/m3 increase in the 6-day average of PM2.5 in eight Southern 
European cities (36). A study on 202 U.S. counties reported an immediate 1.1% [0.3%; 
1.8%] increase in respiratory hospital admissions in association with a 10 µg/m3 increase in 
PM2.5 during winter (35). We found a 6.0% [4.0%; 8.2%] increase in respiratory hospital 
admissions in association with the same increment in the 6-day average of PM2.5. Different 
climate conditions and differences in the compositions of PM2.5 might play a role. However, 
also different life-styles and differences in socioeconomic and behavioral patterns between 
the regions need to be considered. Due to the short study period of the UFIREG project, we 
observed effect estimates with relatively large confidence intervals especially for mortality 
outcomes. For investigating rare death cases and diseases in smaller cities such as Augsburg, 
Chernivtsi and Ljubljana it is important for future studies to use longer time periods to 
produce more precise effect estimates. Nevertheless, UFIREG is important, as it is one of the 
very few multi-city studies investigating the associations between UFP and fine particles and 
(cause-specific) mortality and hospital admissions including cities from Central and Eastern 
European countries using UFP measurements based on the same protocols and instruments. 
The DEPS panel study showed associations between markers of endothelial function and air 
temperature and ozone in individuals with T2D. We observed immediate and delayed 
decreases in FMD in association with a decrease in temperature as well as with an increase 
in ozone. NTGMD decreased immediately with a temperature decrement, but showed no 
association with an increase in ozone. Moreover, our results suggest that temperature and 
PM2.5 as well as temperature and ozone might have additive effects on markers of 
endothelial function. A previous analysis in the same study reported an immediate 
association between PM2.5 increases and decreases in FMD (18). Moreover, NTGMD 
decreased with a delay of one day in association with a 10 µg/m3 increase in PM2.5 (18). 
Therefore, we assume that the immediate PM2.5-effect reported by Schneider et al. (18) and 
the immediate ozone effect in our study are best explained by a reduced bioavailability of 
NO.  However, our reported immediate temperature effect might be rather explained by an 
endothelial-independent mechanism on the reactivity of the smooth muscle cells since we 
found immediate decreases in FMD as well as NTGMD in association with a 1°C temperature 
decrease. People with T2D are especially vulnerable for endothelial dysfunction and 
subsequent cardiovascular diseases (32). Due to microvascular and macrovascular 
abnormalities, regulation of vascular tone is impaired in diabetics (38). Although results on 
individuals with T2D are not generalizable to the general population, investigating 
potentially susceptible groups might give better insight into possible underlying biological 
pathways.  
 Discussion and conclusions 
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There are several plausible biological mechanisms explaining the association between air 
pollution and cardio-respiratory diseases (8, 39, 40). Inhaled air pollutants can induce 
inflammation and oxidative stress in the lungs. Studies have shown that air pollution can 
accelerate and exacerbate the progression of chronic pulmonary conditions such as chronic 
obstructive pulmonary disease or asthma. Moreover, pulmonary reflexes are assumed to be 
affected by air pollution (8, 39, 40). The release of pro-inflammatory markers or 
vasculoactive molecules from the lung cells may lead to inflammation and systemic 
oxidative stress beyond the lungs resulting in adverse cardiovascular outcomes such as 
endothelial dysfunction and promotion of atherosclerosis (41). Constituents of PM and 
particularly UFP can be translocated from the alveolar space to other organs with the blood 
stream. PM and UFP in the blood might cause vascular inflammation, impaired vascular 
function and increased platelet aggregation (8, 39, 40). Systemic oxidative stress and 
inflammation, imbalance of the autonomic nervous system and endothelial dysfunction can 
lead to insulin resistance and therefore promote the progression of T2D (42, 43). However, 
we observed UFP effects rather on the respiratory than cardiovascular system, whereas 
other studies found an association between UFP and cardiovascular as well as respiratory 
health outcomes (44-47). The described associations between air temperature and 
cardiovascular events might be explained by an activation of the sympathetic nervous 
system in response to temperature decreases. Activation of the sympathetic nervous system 
further leads to an increase in blood pressure, increased blood flow and heart rate and to 
vasoconstriction of the blood vessels (48). In the case of low NO bioavailability or arterial 
stiffness, subsequent vasodilatation of the blood vessels might be impaired. A decrease in 
temperature was also associated with increases in inflammatory markers, which might 
promote atherosclerosis (49). Individuals with diabetes are assumed to be especially 
susceptible to the described mechanisms. Due to the microvascular and macrovascular 
abnormalities, adaptation to short-term changes in air pollution and air temperature is 
impaired in diabetics leading to clinical conditions that might not be significant in healthy 
individuals (50, 51).  
The UFIREG study adds to the growing scientific knowledge on health effects of UFP and 
indicated that it is important to integrate UFP into routine measurement networks in order 
to provide data for future short- and long-term epidemiological studies. So far, hardly any 
long-term studies on UFP have been conducted (52). Further studies are needed 
investigating the association between UFP and (cause-specific) mortality and morbidity at 
multiple locations using harmonized UFP measurements.  Findings of the DEPS study 
suggest a linear association between temperature decreases or ozone increases and 
endothelial function in diabetic individuals. We conclude that endothelial dysfunction might 
be one possible biological pathway explaining the association between environmental 
changes and cardiovascular events that have been observed worldwide.  
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7 Dissemination and policy implications within the UFIREG 
project 
Prevention and reduction of air pollution demand action particularly by cities, national and 
international policy makers in the transport sector as well as energy waste management, 
buildings and agriculture (1). One of the main objectives of the EU-project UFIREG was to 
increase the knowledge base on the health effects of UFP and to integrate the results into 
regional political decision-making. Despite a growing body of scientific literature, evidence 
on the health effects of UFP is still not sufficient to set recommendations about exposure 
limits to be considered in European air quality guidelines. It is important to integrate UFP 
into routine measurement networks worldwide to provide data for further epidemiological 
studies on the health effects of UFP.  
Stakeholders and partner cities were involved in the project in order to support and 
disseminate relevant information of the project. Stakeholders were invited to participate in 
partner meetings once a year and were involved in discussions on the progress of the 
project. Every project partner recruited a partner city where one partner city meeting took 
place within the project period. I wrote letter of intents in order to recruit partner cities and 
stakeholders for our study group of the Helmholtz Zentrum München. Together with my 
colleagues, I organized a partner city meeting in Ulm that took place on 23rd of October 
2013. At the partner city meetings, the UFIREG project was introduced and related research 
questions were discussed with environmental and public health agencies, city 
administration institutions, environmental and automobile associations, health insurance 
companies, local politicians and citizens. Dissemination of the relevant information was a 
very important part of the project in order to strengthen the awareness of the population to 
the adverse health effects of air pollution. At the end of the project, dissemination material 
was developed to address stakeholders, policy makers, scientists and the general 
population. I played a significant role in the development of dissemination material. For 
example, I developed first drafts of a flyer for stakeholders and policy makers and I wrote 
the first draft of the handbook, which summarized the main results of the UFIREG project. 
Moreover, I contributed to all further project reports and wrote a first version of the 
epidemiological part of the environmental health report, which was the main scientific 
report of the project showing the most important measurement and epidemiological results.  
Stakeholders and policy makers play an important role in encouraging efforts for routine 
UFP measurements and conduction of further multicenter epidemiological studies such as 
UFIREG. Moreover, stakeholders and policy makers can help to support mitigation strategies 
such as low-emission zones, encouragement of physical and public transport and alternative 
energy sources for vehicles. The potential effects of UFP on health remains an important 
public health problem that needs further investigation in different regions worldwide. The 
creation of so-called supersites or special measurement sites at carefully chosen spots in a 
city, which provide novel exposure parameters and metrics, should be considered (53). 
Moreover, larger and more specific multi-city studies and longer study periods are needed 
to produce powerful results.   
 
 References 
 
13 
 
8 References  
1. WHO. Fact sheet N°313. Available at: 
http://wwwwhoint/mediacentre/factsheets/fs313/en/ Updated March 2014. 
2. WHO. Fact sheet N°266. Available at: 
http://wwwwhoint/mediacentre/factsheets/fs266/en/ Updated September 2015. 
3. Breitner S, Wolf K, Peters A, Schneider A. Short-term effects of air temperature on cause-
specific cardiovascular mortality in Bavaria, Germany. Heart 2014; 100: 1272-1280. 
4. Turner LR, Barnett AG, Connell D, Tong SL. Ambient Temperature and Cardiorespiratory 
Morbidity A Systematic Review and Meta-analysis. Epidemiology 2012; 23: 594-606. 
5. Ye XF, Wolff R, Yu WW, Vaneckova P, Pan XC, Tong SL. Ambient Temperature and 
Morbidity: A Review of Epidemiological Evidence. Environ Health Persp 2012; 120: 
19-28. 
6. Analitis A, Katsouyanni K, Biggeri A, Baccini M, Forsberg B, Bisanti L, Kirchmayer U, 
Ballester F, Cadum E, Goodman PG, Hojs A, Sunyer J, Tiittanen P, Michelozzi P. Effects 
of cold weather on mortality: results from 15 European cities within the PHEWE 
project. Am J Epidemiol 2008; 168: 1397-1408. 
7. Atkinson RW, Kang S, Anderson HR, Mills IC, Walton HA. Epidemiological time series 
studies of PM2.5 and daily mortality and hospital admissions: a systematic review 
and meta-analysis. Thorax 2014; 69: 660-665. 
8. Rückerl R, Schneider A, Breitner S, Cyrys J, Peters A. Health effects of particulate air 
pollution: A review of epidemiological evidence. InhalToxicol 2011; 23: 555-592. 
9. HEI. 2013. Understanding the health effects of ambient ultrafine particles. HEI 
Perspectives 3. Health Effects Institute, Boston, MA. 
10. Kreyling WG, Semmler-Behnke M, Möller W. Health implications of nanoparticles. 
Journal of Nanoparticle Research 2006; 8: 543-562. 
11. Brook RD, Franklin B, Cascio W, Hong YL, Howard G, Lipsett M, Luepker R, Mittleman M, 
Samet J, Smith SC, Tager I. Air pollution and cardiovascular disease - A statement for 
healthcare professionals from the expert panel on population and prevention science 
of the American Heart Association. Circulation 2004; 109: 2655-2671. 
12. Peters A, Ruckerl R, Cyrys J. Lessons from air pollution epidemiology for studies of 
engineered nanomaterials. J Occup Environ Med 2011; 53: S8-S13. 
13. Barnett AG, Hajat S, Gasparrini A, Rocklov J. Cold and heat waves in the United States. 
Environ Res 2012; 112: 218-224. 
14. Gasparrini A, Guo Y, Hashizume M, Lavigne E, Zanobetti A, Schwartz J, Tobias A, Tong S, 
Rocklov J, Forsberg B, Leone M, De Sario M, Bell ML, Guo YL, Wu CF, Kan H, Yi SM, de 
Sousa Zanotti Stagliorio Coelho M, Saldiva PH, Honda Y, Kim H, Armstrong B. 
Mortality risk attributable to high and low ambient temperature: a multicountry 
observational study. Lancet 2015; 386: 369-375. 
15. Hajat S, O'Connor M, Kosatsky T. Health effects of hot weather: from awareness of risk 
factors to effective health protection. Lancet 2010; 375: 856-863. 
16. Kovats RS, Hajat S. Heat stress and public health: a critical review. Annu Rev Public Health 
2008; 29: 41-55. 
17. Nawrot TS, Staessen JA, Fagard RH, Van Bortel LM, Struijker-Boudier HA. Endothelial 
function and outdoor temperature. Eur J Epidemiol 2005; 20: 407-410. 
  
 
14 
 
18. Schneider A, Neas L, Herbst MC, Case M, Williams RW, Cascio W, Hinderliter A, Holguin F, 
Buse JB, Dungan K, Styner M, Peters A, Devlin RB. Endothelial dysfunction: 
associations with exposure to ambient fine particles in diabetic individuals. Environ 
Health Perspect 2008; 116: 1666-1674. 
19. Widlansky ME, Vita JA, Keyes MJ, Larson MG, Hamburg NM, Levy D, Mitchell GF, Osypiuk 
EW, Vasan RS, Benjamin EJ. Relation of season and temperature to endothelium-
dependent flow-mediated vasodilation in subjects without clinical evidence of 
cardiovascular disease (from the Framingham Heart Study). AmJCardiol 2007; 100: 
518-523. 
20. Anderson TJ. Assessment and treatment of endothelial dysfunction in humans. Journal of 
the American College of Cardiology 1999; 34: 631-638. 
21. Verma S, Anderson TJ. Fundamentals of endothelial function for the clinical cardiologist. 
Circulation 2002; 105: 546-549. 
22. Deanfield JE, Halcox JP, Rabelink TJ. Endothelial function and dysfunction: testing and 
clinical relevance. Circulation 2007; 115: 1285-1295. 
23. Hashemi M, Afshani MR, Mansourian M, Poursafa P, Kelishadi R. Association of 
particulate air pollution and secondhand smoke on endothelium-dependent brachial 
artery dilation in healthy children. Journal of research in medical sciences : the official 
journal of Isfahan University of Medical Sciences 2012; 17: 317-321. 
24. Widlansky ME, Gokce N, Keaney JF, Jr., Vita JA. The clinical implications of endothelial 
dysfunction. Journal of the American College of Cardiology 2003; 42: 1149-1160. 
25. Zanobetti A, Luttmann-Gibson H, Horton ES, Cohen A, Coull BA, Hoffmann B, Schwartz JD, 
Mittleman MA, Li Y, Stone PH, de Souza C, Lamparello B, Koutrakis P, Gold DR. 
Brachial Artery Responses to Ambient Pollution, Temperature, and Humidity in 
People with Type 2 Diabetes: A Repeated-Measures Study. Environ Health Perspect 
2014. 
26. Weichenthal S. Selected physiological effects of ultrafine particles in acute 
cardiovascular morbidity. Environ Res 2012; 115: 26-36. 
27. Rundell KW, Hoffman JR, Caviston R, Bulbulian R, Hollenbach AM. Inhalation of ultrafine 
and fine particulate matter disrupts systemic vascular function. Inhalation toxicology 
2007; 19: 133-140. 
28. Shah AP, Pietropaoli AP, Frasier LM, Speers DM, Chalupa DC, Delehanty JM, Huang LS, 
Utell MJ, Frampton MW. Effect of inhaled carbon ultrafine particles on reactive 
hyperemia in healthy human subjects. Environ Health Perspect 2008; 116: 375-380. 
29. O'Neill MS, Veves A, Zanobetti A, Sarnat JA, Gold DR, Economides PA, Horton ES, 
Schwartz J. Diabetes enhances vulnerability to particulate air pollution-associated 
impairment in vascular reactivity and endothelial function. Circulation 2005; 111: 
2913-2920. 
30. Lerman A, Zeiher AM. Endothelial function: cardiac events. Circulation 2005; 111: 363-
368. 
31. Vita JA, Keaney JF, Jr. Endothelial function: a barometer for cardiovascular risk? 
Circulation 2002; 106: 640-642. 
32. Calles-Escandon J, Cipolla M. Diabetes and endothelial dysfunction: a clinical perspective. 
Endocrine reviews 2001; 22: 36-52. 
 References 
 
15 
 
33. UFIREG-report. 2014. Data collection and methods (available at: http://www.ufireg-
central.eu/index.php/downloads; accessed 28 July 2015). 
34. Zanobetti A, Schwartz J. The Effect of Fine and Coarse Particulate Air Pollution on 
Mortality: A National Analysis. Environ Health Persp 2009; 117: 898-903. 
35. Bell ML, Ebisu K, Peng RD, Walker J, Samet JM, Zeger SL, Dominici F. Seasonal and 
Regional Short-term Effects of Fine Particles on Hospital Admissions in 202 US 
Counties, 1999-2005. American Journal of Epidemiology 2008; 168: 1301-1310. 
36. Stafoggia M, Samoli E, Alessandrini E, Cadum E, Ostro B, Berti G, Faustini A, Jacquemin B, 
Linares C, Pascal M, Randi G, Ranzi A, Stivanello E, Forastiere F, Grp M-PS. Short-term 
Associations between Fine and Coarse Particulate Matter and Hospitalizations in 
Southern Europe: Results from the MED-PARTICLES Project. Environ Health Persp 
2013; 121: 1026-1033. 
37. Zanobetti A, Franklin M, Koutrakis P, Schwartz J. Fine particulate air pollution and its 
components in association with cause-specific emergency admissions. Environmental 
Health 2009; 8. 
38. Caballero AE, Arora S, Saouaf R, Lim SC, Smakowski P, Park JY, King GL, LoGerfo FW, 
Horton ES, Veves A. Microvascular and macrovascular reactivity is reduced in 
subjects at risk for type 2 diabetes. Diabetes 1999; 48: 1856-1862. 
39. Brook RD, Rajagopalan S, Pope CA, 3rd, Brook JR, Bhatnagar A, Diez-Roux AV, Holguin F, 
Hong Y, Luepker RV, Mittleman MA, Peters A, Siscovick D, Smith SC, Jr., Whitsel L, 
Kaufman JD, American Heart Association Council on E, Prevention CotKiCD, Council 
on Nutrition PA, Metabolism. Particulate matter air pollution and cardiovascular 
disease: An update to the scientific statement from the American Heart Association. 
Circulation 2010; 121: 2331-2378. 
40. Pope CA, 3rd, Dockery DW. Health effects of fine particulate air pollution: lines that 
connect. Journal of the Air & Waste Management Association 2006; 56: 709-742. 
41. Utell MJ, Frampton MW, Zareba W, Devlin RB, Cascio WE. Cardiovascular effects 
associated with air pollution: Potential mechanisms and methods of testing. 
Inhalation toxicology 2002; 14: 1231-1247. 
42. Brook RD, Jerrett M, Brook JR, Bard RL, Finkelstein MM. The relationship between 
diabetes mellitus and traffic-related air pollution. J Occup Environ Med 2008; 50: 32-
38. 
43. Liu C, Ying Z, Harkema J, Sun Q, Rajagopalan S. Epidemiological and experimental links 
between air pollution and type 2 diabetes. Toxicol Pathol 2013; 41: 361-373. 
44. Breitner S, Liu L, Cyrys J, Bruske I, Franck U, Schlink U, Leitte AM, Herbarth O, 
Wiedensohler A, Wehner B, Hu M, Pan XC, Wichmann HE, Peters A. Sub-micrometer 
particulate air pollution and cardiovascular mortality in Beijing, China. The Science of 
the total environment 2011; 409: 5196-5204. 
45. Breitner S, Stolzel M, Cyrys J, Pitz M, Wolke G, Kreyling W, Kuchenhoff H, Heinrich J, 
Wichmann HE, Peters A. Short-term mortality rates during a decade of improved air 
quality in Erfurt, Germany. Environ Health Perspect 2009; 117: 448-454. 
46. Stolzel M, Breitner S, Cyrys J, Pitz M, Wolke G, Kreyling W, Heinrich J, Wichmann HE, 
Peters A. Daily mortality and particulate matter in different size classes in Erfurt, 
Germany. Journal of exposure science & environmental epidemiology 2007; 17: 458-
467. 
  
 
16 
 
47. Wichmann HE, Spix C, Tuch T, Wolke G, Peters A, Heinrich J, Kreyling WG, Heyder J. Daily 
mortality and fine and ultrafine particles in Erfurt, Germany part I: role of particle 
number and particle mass. Research report 2000: 5-86; discussion 87-94. 
48. Hanna JM. Climate, altitude, and blood pressure. HumBiol 1999; 71: 553-582. 
49. Schneider A, Panagiotakos D, Picciotto S, Katsouyanni K, Lowel H, Jacquemin B, Lanki T, 
Stafoggia M, Bellander T, Koenig W, Peters A, Group AS. Air temperature and 
inflammatory responses in myocardial infarction survivors. Epidemiology 2008; 19: 
391-400. 
50. Schwartz J. Who is sensitive to extremes of temperature?: A case-only analysis. 
Epidemiology 2005; 16: 67-72. 
51. Zanobetti A, Schwartz J. Are diabetics more susceptible to the health effects of airborne 
particles? Am J Respir Crit Care Med 2001; 164: 831-833. 
52. Ostro B, Hu J, Goldberg D, Reynolds P, Hertz A, Bernstein L, Kleeman MJ. Associations of 
mortality with long-term exposures to fine and ultrafine particles, species and 
sources: results from the California Teachers Study Cohort. Environ Health Perspect 
2015; 123: 549-556. 
53. WHO. Review of evidence on health aspects of air pollution – REVIHAAP Project. 
Technical Report. WHO Regional Office for Europe, Copenhagen, Denmark. (available 
at: http://www.euro.who.int/__data/assets/pdf_file/0004/193108/REVIHAAP-
Final-technical-report-final-version.pdf; accessed 8 May 2015). 
 
 
 Ultrafine and fine particles and mortality – Results from the UFIREG study 
 
17 
 
9 Publications 
9.1 Associations between ultrafine and fine particles and mortality in 
five central European cities – Results from the UFIREG study 
Authors: Stefanie Lanzinger, Alexandra Schneider, Susanne Breitner, Massimo Stafoggia, 
Ivan Erzen, Miroslav Dostal, Anna Pastorkova, Susanne Bastian, Josef Cyrys, Anja 
Zscheppang, Tetiana Kolodnitska, Annette Peters for the UFIREG study group 
Journal: Environment International 
Status: Accepted on 8th of December 2015 
 
 
 
  
 
18 
 
 Ultrafine and fine particles and mortality – Results from the UFIREG study 
 
19 
 
  
 
20 
 
 Ultrafine and fine particles and mortality – Results from the UFIREG study 
 
21 
 
  
 
22 
 
 Ultrafine and fine particles and mortality – Results from the UFIREG study 
 
23 
 
  
 
24 
 
 Ultrafine and fine particles and mortality – Results from the UFIREG study 
 
25 
 
  
 
26 
 
 
 Ultrafine and fine particles and mortality – Results from the UFIREG study 
 
27 
 
 
 
  
 
28 
 
 
 Ultrafine and fine particles and mortality – Results from the UFIREG study 
 
29 
 
 
 
  
 
30 
 
 Ultrafine and fine particles and mortality – Results from the UFIREG study 
 
31 
 
  
 
32 
 
 Ultrafine and fine particles and mortality – Results from the UFIREG study 
 
33 
 
  
 
34 
 
 Ultrafine and fine particles and mortality – Results from the UFIREG study 
 
35 
 
  
 
36 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
37 
 
9.2 Ultrafine and fine particles and hospital admissions in Central 
Europe, results from the UFIREG study 
Authors: Stefanie Lanzinger, Alexandra Schneider, Susanne Breitner, Massimo Stafoggia, 
Ivan Erzen, Miroslav Dostal, Anna Pastorkova, Susanne Bastian, Josef Cyrys, Anja 
Zscheppang, Tetiana Kolodnitska, Annette Peters for the UFIREG study group 
Journal: American Journal of Respiratory and Critical Care Medicine 
Status: Revision submitted on 18th of December 2015 
 
 
 
  
  
 
38 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
39 
 
  
 
40 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
41 
 
  
 
42 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
43 
 
  
 
44 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
45 
 
  
 
46 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
47 
 
  
 
48 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
49 
 
  
 
50 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
51 
 
  
 
52 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
53 
 
  
 
54 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
55 
 
  
 
56 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
57 
 
  
 
58 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
59 
 
  
 
60 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
61 
 
  
 
62 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
63 
 
  
 
64 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
65 
 
  
 
66 
 
 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
67 
 
  
 
68 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
69 
 
  
 
70 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
71 
 
  
 
72 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
73 
 
 
  
 
74 
 
 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
75 
 
  
 
76 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
77 
 
  
 
78 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
79 
 
  
 
80 
 
 Ultrafine and fine particles and hospital admissions – Results from the UFIREG study 
 
81 
 
  
 
82 
 
 Air temperature/ozone and endothelial function 
 
83 
 
9.3 The impact of decreases in air temperature and increases in 
ozone on markers of endothelial function in individuals having 
type-2 diabetes 
Authors: Stefanie Lanzinger, Susanne Breitner, Lucas Neas, Wayne Cascio, David Diaz-
Sanchez, Alan Hinderliter, Annette Peters, Robert B. Devlin, Alexandra Schneider 
Journal: Environmental Research 
Volume: 134 
Pages: 331-338 
Year: 2014 
  
 
84 
 
 Air temperature/ozone and endothelial function 
 
85 
 
  
 
86 
 
 Air temperature/ozone and endothelial function 
 
87 
 
  
 
88 
 
 Air temperature/ozone and endothelial function 
 
89 
 
  
 
90 
 
 Air temperature/ozone and endothelial function 
 
91 
 
 
  
 
92 
 
 Air temperature/ozone and endothelial function 
 
93 
 
  
 
94 
 
 Air temperature/ozone and endothelial function 
 
95 
 
  
 
96 
 
 Air temperature/ozone and endothelial function 
 
97 
 
  
 
98 
 
10  Acknowledgments 
First of all, I would like to thank my supervisor PD Dr. Annette Peters, director of the 
Institute of Epidemiology II, Helmholtz Zentrum München, who made this work possible and 
supported me with constructive advice during the last years. I was always motivated by her 
enthusiasm and knowledge about the research topic.  
I would like to offer my sincerest gratitude to my co-supervisor Dr. Alexandra Schneider, 
group leader of the working group “Environmental Risks”. She always had time for me and 
supported me with constructive comments and attention to the detail. A special thank goes 
to Dr. Susanne Breitner for her help and assistance with the statistical analyses for my 
thesis. Further, I would like thank Massimo Stafoggia who supported me as an external 
expert within my thesis committee for the HELENA graduate school.  
I am also thankful for my great colleagues for their advice and help. I am very grateful for 
the wonderful time and working atmosphere I had in the last years. Finally, I would like to 
thank my family and my boyfriend who encouraged and supported me consistently throughout 
the period of my PhD. 
 
